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CHA.PTER I 
INTRODUCTION 
This thesis continues an investigation of the behav-
ioral significance of the several pathways into which the 
l 2 3 
auditory system divides after entering the medulla. ' ' 
The acoustic nerve enters the medulla at the ventral 
surface of the ventral cochlear nucleus. The fibers of the 
nerve bifurcate into ascending and descending roots which 
pass to the posterior and anterior divisions, respectively, 
of that nucleus. The two divisions of the ventral cochlear 
nucleus differ with respect to cellular density and cellular 
size. 4 The posterior division of the ventral cochlear, which 
may be subdivided further, consists of two types of cells. 
The first type, forming the bulk of the division, are large 
globular cells thinly scattered. The second type are large 
lHarrison, J .r1., Some behavioral functions of the 
lower auditory pathways in the rat. J. Comn. Neur., 1960, 
115, 143-154. 
2Harrison, J .11!., Abelson, R.H. and Fisher, G,L., 
Some relations between the auditory system of the medulla 
and auditory stimulus functions. J. exo. anal. Behav,, 
1960, J, 207-220, 
3Abelson, R.M. and Harrison, J .!1., Some behavioral 
functions of the ventral acoustic pathways of the medulla 
of the rat. J. Comp. Neur., in press. 
4 Harrison, J.M. and Warr, W.B., An illustrated atlas 
of the bulbar auditory system of the rat. Unpublished 
manuscript, Boston University, 1960. 
l 
irregular-shaped cells, also thinly scattered, located mainly 
in the extreme posterior region of the division. The anterior 
division of the ventral cochlear nucleus consists of cells 
that are relatively small and closely packed. The anterior 
and posterior divisions of the ventral cochlear nucleus as 
described here differ from these divisions as described by 
Cajal1 and Lorente de No. 2 These investigators described 
the posterior division as having smaller cells than the 
anterior division. ~he anterior division was described as 
containing large cells'receiving the primary fibers of the 
acoustic nerve and giving rise to the large fibers of the 
trapezoid body. 
Poljack3 and Harrison and Warr4 show that the axons 
of the large cells of the posterior division of the ventral 
cochlear nucleus constitute the large fiber component of the 
trapezoid body. The majority of these fibers have been shown 
to enter the trapezoid body directly. A few fibers pass 
dorsally, course around the restiform body and enter the 
leajal, R., Histologie du systeme neurveux de l 1homme 
et des vertebrez. Vol. I, Nadrid, Institute Ramon y Cajal, 
1952. 
2Lorente de No, R., Anatomy of the VIIIth nerve. III, 
General plan of structure of the primary cochlear nucleus. 
Laryngo., 1933, 43, 327-350. 
3Poljack, s., The connections of the acoustic nerve. 
J. Anat., 1926, 60, 465-469. 
~rrison, J.N. and Warr, B., unpublished manuscript, 
Op. cit. 
2 
trapezoid body by passing ventrally to either side of the 
trigeminal nerve. 1 •2•3• 4 •5 The large fibers of the trapezoid 
body cross the midline and terminate (in calyces of Held) 
in the contralateral nucleus of the trapezoid body. 6•7• 8 
Some collaterals were reported to arise from the large fibers 
in the vicinity of the ipsilateral nucleus of the trapezoid 
body.9 Termination of these fibers in the nucleus of the 
10 trapezoid body is suggested by Galambos et al who reported 
physiological units in the nucleus of the trapezoid body that 
lpoljack, s., 1926, Op. cit. 
2Lewy, F.H. and Kobrak, H., The neural projection of 
the cochlear spiral on the primary acoustic centers. Arch. 
Neur. Psychiat., 1936, 35, 839-852. 
3woollard, H.H. and Harpman, J.H., The connections of 
the inferior colliculus and the dorsal nucleus of the lateral 
lemniscus. J. Anat., 1940, 74, 441-457. 
4stotler, W.A., An experimental stUdy of the cells and 
connections of the superior olivary complex of the cat., 
J. Comp. Neur., 1953, 98, 401-432. 
5Harrison, J.M. and Warr, W.B., unpublished manuscript, 
o~. cit. 
6Poljack, s., 1926, o~. cit. 
7cajal, R., 1952, op. gi~. 
8Harrison, J.M. and Warr., W.B., unpublished manuscript, 
op. cit 1 
3 
9Abelson, R.M. and Harrison, J.M., in press, Op 1 cit. 
l0Galambos, R., Schwartzkopf!, J. and Rupert, A., Micro-
electrode study of the superior olivary nuclei, Am 1 J 1 Ph¥siol., 
1959, 527-536. 
could be fired by ipsilateral auditory stimulation, 
The large fibers of the trapezoid body also give rise 
to collaterals which pass dorsally and probably connect with 
1 2 the superior olive. Galambos et al reported physiological 
units firing in the superior olive to ipsilateral stimula-
tion. From the literature it seems clear that this is not 
3,4,5,6,7 the only afferent connection to the superior olive. 
The preceding suggests that the posterior division of 
the ventral cochlear nucleus gives rise to two major path-
ways; one pathway, primarily contralateral, terminates in the 
nucleus of the trapezoid body (designated the large fiber 
pathway), and the other is primarily an ipsilateral pathway 
to the superior olive (designated the superior olivary ~­
way). 
The anterior division of the ventral cochlear nucleus 
1Harrison, J.M. and Warr, W,B,, unpublished manuscript, 
op. cit. 
2Galambos, R., Schwartzkopff, J. and Rupert, A,, 1959, 
Op. cit, 
3Poljack, s., 1926, Op, cit. 
4Papez, J.W., Superior olivary nucleus; its fiber 
connections. Arch. Neurol. Psychiat., 1930, 24, 1-20, 
5Rasmussen, G.L., The olivary peduncle and other fiber 
projections of the superior olivary complex. J. Comp. Neur., 
1946, 84, 141-219. 
6 Cajal, R., 1952, Op. cit. 
?Galambos, R,, Schwartzkopff, J, and Rupert, A,, 1959, 
Op. cit. 
4 
gives rise to the small fiber (dorsal) component of the 
1 2 
trapezoid body, ' These fibers are described in the liter-
ature as terminating in the contralateral superior olivary 
complex and the nuclei of the lateral lemniscus, but few 
details are given,J• 4 •5 In the histological material of 
this thesis and that of others6 •7 the small fibers appear 
to penetrate (rather than terminate in) the superior olive 
and pass to the accessory superior olive, probably, as the 
work of Stotler8 and Cajal9 suggests, of both sides. Further-
10 
more, Galambos et al found some physiological units of the 
accessory superior olive responded bilaterally to unilateral 
auditory stimulation, We may consider, then, the anterior 
division of the ventral cochlear nucleus as giving rise to a 
bilateral pathway consisting of fine fibers of the trapezoid 
Op. 
1Poljack, S,, 1926, Op. cit, 
2Harrison, J,M. and Warr, W,B., unpublished manuscript, 
cit, 
JPoljack, S,, 1926, Op. cit. 
4 Papez, J.W., l9JO, Op. cit. 
5Rasmussen, G.L., 19JO, Op, cit, 
6Harrison, J,M, and Warr, W,B,, unpublished manuscript, 
Op. cit. 
?Abelson, R,l'l, and Harrison, J,M,, in press, Op, cit, 
8stotler, W,A,, 1953, Op. cit. 
9cajal, R., 1952, Op. cit. 
lOGalambos, R,, Schwartzkopff, J, and Rupert, A,, 1959, 
Op. cit. 
5 
body and the accessory superior olive. This pathway is desig-
nated here the small fiber pathwav. 
Harrison1 , Harrison et a12 and Abelson and Harrison3 
have shown that sectioning of the large fiber component of 
the trapezoid body (or severely damaging its nucleus of 
termination) abolished a conditioned response based on 
escape from an aversive noise (120 db); there was no con-
current effect upon a conditioned response based on dis-
crimination of a noise stimulus. The small fiber component 
of the trapezoid body as well as the dorsal acoustic stria 
remained intact in these experiments; it was not possible to 
determine whether one or both of these pathways supported 
the auditory discrimination.4,5 
Continuing work6 has supported earlier findings. 
Lesions were produced in the superior olivary complex and 
the large fiber component of the trapezoid body. It was shown 
that destruction of the superior olive (or its afferent 
fibers) alone or in combination with the destruction of the 
1960, 
1Harrison, J.M., 1960, OP. cit. 
2Harrison, J .N., Abelson, R.i1. and Fisher, G.L., 
Op. cit. 
JAbelson, R.I~. and Harrison, J. N., in press, Op. cit. 
4Harrison, J .11., 1960, Op. cit. 
5Harrison, J .l'l., Abelson, R.i'1. and Fisher, G.L., 
1960, Op. cit. 
6Abelson, R.N. and Harrison, J .i1., in press, Op. cit. 
6 
large fibers of the trapezoid body had no significant effect 
upon the auditory threshold. Destruction of all the ventral 
acoustic pathways of the medulla abolished escape responding 
to the aversive noise stimulus and raised the auditory 
threshold substantially. The lesions in these animals were 
large and involved extensive damage to primary structures. 
The work reported here was designed to explore further 
the relations obtaining between the small fiber portion of 
the trapezoid body, the superior olivary complex and discrim-
ination threshold behavior without involving primary struc-
tures of the acoustic system. The design included replication 
of previous work with regard to the large fiber portion of 
the trapezoid body and its effect on responding based on 
escape from aversive noise. 
7 
CHAPTER II 
METHODS 
Sublects 
A total of 15 male albino rats, Sprague-Dawley strain, 
was used in this experiment. The animals were from one to 
three years old and weighed between 270 and ~20 grams. Ten 
of the animals received behavioral training prior to electro-
lytic placement of lesions in the ventral acoustic system. 
Three animals were used for the determination of experimental 
coordinated. The two remaining animals were carried through 
histological procedures with neither behavioral training nor 
surgery. These animals were used for normal tissue compar-
ison during the histological portion of the experiment. 
Behavioral procedures - general 
The behavioral procedures used in this study were 
similar to those used in prior studies accomplished in this 
laboratory. 1 •2•3 In these studies the attempt was made to 
distinguish differential stimulus functions related to path-
ways of the bulbar acoustic system. 
lHarrison, J.M., 1960, Op. cit. 
2Harrison, J.M., Abelson, R.M. and Fisher, G.L., 1960, 
Op. cit. 
JAbelson, R.M. and Harrison, J.M., in press, Op. cit. 
8 
One behavioral requirement was a differentiation 
between aversive and discriminatory auditory stimuli. A 
second requirement was a differentiation between auditory 
and non-auditory behavioral changes following the experi-
mental lesions. To meet the above requirements, in the 
present investigation, the following behavioral programs 
were implemented. 
Discrimination-threshold apparatus and schedule 
The apparatus for the discrimination-threshold 
behavior consisted of a cage 12 inches by 5 inches by 12 
inches high, with a Gerbrands rat lever mounted on the cage. 
A food box was mounted below and to the right of the lever. 
Food pellets (45 milligrams) were dispensed from an auto-
matic magazine. The auditory stimulus used in this schedule 
was a noise which could be presented via a tweeter loud 
speaker (University 4401) mounted on the roof of the cage. 
Visual stimuli could be presented via two 25-watt incan-
descent bulbs (connected in series) mounted above the cage. 
The stimuli were presented without noticeable transients; 
the loud speaker did not pick up any clicks from the opera-
tion of relays and other circuit devices. The cage, magazine, 
loud speaker and light bulbs were contained in a light-tight, 
ventilated and relatively sound-proof box which formed the 
outer shell of the animal's experimental environment. 
The behavioral contingencies for the noise and light 
9 
discrimination schedules were as follows. A program timer 
determined the presentation of either a low intensity noise 
or a dim light, both of which were discriminative stimuli 
for responding on the lever. A response in the presence of 
either of the stimuli produced a 45 milligram food pellet 
and terminated the stimulus. Stimuli were programmed on a 
variable interval schedule of 22 seconds. A second program 
timer alternated noise and light stimuli on a variable 
interval schedule of 20 seconds. The two program timers 
were not in synchrony; this resulted in haphazard presenta-
tions of noise or light stimuli. A limited hold of 5 seconds 
was placed on the discriminative stimuli. In addition, 
responding in the absence of either of the discriminative 
stimuli disengaged the stimulus program timers for 20 seconds. 
The program timers did not re-engage until 20 seconds lapsed 
without the occurrence of a lever-pressing response. 
A noise intensity threshold was measured as follows. 
A response in the presence of noise reduced the intensity 
of the subsequent noise discriminative stimulus by 2 db. 
If no response occurred within the duration of the 5 second 
limited hold, the subsequent noise discriminative stimulus 
was increased in intensity by 2 db. Since the light discrim-
inative stimulus was included for non-auditory behavioral 
control purposes, the light stimulus were presented at con-
stant intensity. 
10 
Subjects on the discrimination schedules were run one 
session a day; each session lasted 60 minutes. Cumulative 
records of responding on the lever were collected. The number 
of presentations of each of the discriminative stimuli, the 
number of lever responses in the presence of each discrimin-
ative stimulus and the number of lever responses in the 
absence of the discriminative stimuli were recorded on coun-
ters. For threshold measurement, the stimulus intensity 
values were presented automatically, and a record was taken 
on counters of the number of times each intensity value was 
presented. 
Aversive apparatus and schedule 
For the aversive schedules the apparatus consisted of 
a cage 12 inches by 5 inches by 12 inches high with a Ger-
brands rat lever mounted on one wall. The lever was mounted 
2t inches above the base of the cage. An aversive auditory 
stimulus (noise ll0-122 db) was presented via a tweeter loud 
speaker (University 4401) mounted on the roof of the cage. 
A 32 watt circular fluorescent lamp for producing an aversive 
light stimulus (2530 ft. lamberts) was mounted at the side of 
the cage. The above equipment was contained in a light-tight, 
ventilated and relatively sound-proof box which formed the 
outer shell of the animal's experimental environment. 
The behavioral contingencies of the aversive schedules 
were as follows. Depression of the lever terminated the 
11 
aversive stimulus. Release of the lever returned it to its 
original position and produced the aversive stimulus. 
The onset and termination of the noise were without 
noticeable transients; the loud speaker did not pick up any 
clicks from the operation of relays and other circuit 
devices. The starting characteristics of the fluorescent 
lamp were made suitable for use in aversive schedules by a 
circuit the details of which have been published. 1 All 
sound intensity measurements were made with a Scott 410-C 
sound level meter. Additional apparatus details as well as 
an experimental analysis of the behavior generated by the 
aversive schedules have been published. 2 ,3• 4 •5 
The animals on aversive schedules were run one 
session a day; each session lasted 56 minutes. The total 
number of lever presses was recorded on a counter; the total 
time the aversive noise was off was cumulated on a clock. 
lHarrison, J .H. and Warr, W.B., An instant start 
circuit for fluorescent lamps. J. exp. anal. Behav., 1959, 
2' 226. 
2Keller, F.S., Light aversion in the white rat., 
Psychol. Reo., 1941, 4, 235-250, 
3Hefferline, R,F., An experimental study of avoidance. 
Genet. Psychol, l'lonogr., 1950, 42, 213-334. 
4Harrison, J.M. and Abelson, R.l'l., The maintenance of 
behavior by the termination and onset of intense noise. 
J. exp. anal. Behav., 1959, 2, 23-42. 
5Harrison, J .11., Abelson, R.M, and Fisher, G.L., 1960, 
Op, cit, 
12 
The mean press and release response rates over the session 
for both light- and noise-aversive schedules were determined. 
The mean press rate of each session was calculated by divid-
ing the total number of responses in the presence of the 
aversive stimulus by the total time the aversive stimulus 
was present. The mean release rate of each session was cal-
culated by dividing the total number of responses by the 
total time the aversive stimulus was absent. The rates were 
expressed in responses per minute. 
Experimental plan 
Preoperatively six animals were trained to escape the 
aversive noise for a minimum of 14 days or until the behavior 
was stable. The stability criterion required that the 
animals generated, during a session, a press rate of more 
than J responses per minute and a release rate of less than 
4 responses per minute. Criterion behavior was required 5 
out of 6 consecutive sessions. Following the above, animals 
were trained on the light aversive schedule for a minimum of 
ten days or until the behavior was considered stable by 
criteria less stringent than that of the aversive noise 
schedule. Discrimination training and measurement of the 
noise intensity threshold followed aversive training. The 
animals were run for a minimum of 4 threshold sessions or 
until J consecutive sessions yielded values covering a range 
of 6 db or less. Four animals received training on the dis-
13 
crimination-threshold schedule only. 
After completion of the above training, bilateral 
lesions were placed in the lower auditory system (see below). 
Following recovery, the animals were run on the aversive 
schedule until their behavior approximated or bettered their 
preoperative behavior, Animals responding at preoperative 
levels postoperatively on the aversive noise schedule were 
discontinued on the aversive light schedule. Animals were 
run on the discrimination-threshold schedule during the 
period of their running on the aversive schedules. Several 
hours were allowed to intervene between running on the 
different schedules. All animals were run on the appropri-
ate schedules for a period considered sufficient to deter-
mine the effect of the lesion. Animals recovering normal 
aversive noise behavior were run for a minimum of 14 days 
after the recovery of this behavior; animals were discon-
tinued postoperatively when preoperative behavioral criteria 
were attained. When the behavior was clearly affected 
animals were run for 28 days, 
Some animals had transitory eating difficulty as a 
result of the operation, However, all animals in this experi-
ment were able to eat the reinforcement pellets and were 
tested for their postoperative thresholds only after they 
demonstrated satisfactory discrimination behavior to the 
light discriminative stimulus. Thresholds of all but two 
animals were determined postoperatively as they were pre-
14 
operatively. LF 33 and LF 98 required postoperative discrim-
ination-threshold testing at fixed intensities above the 
upper limit (64 db) of the attenuator. All other behavioral 
contingencies remained the same. 
Surgery and measurement of lesion 
All animals were anesthetized with Nembusen and mounted 
in a Reyniers stereotaxic instrument. Electrolytic lesions 
were produced using a Teflon-insulated straight stainless 
steel surgical sewing needle. The electrode passed .9 ma 
for 5 seconds at each placement. Bilateral lesion coordin-
ates were: 1.25 and .75 mm posterior to the interaural line, 
1.75 mm lateral to the sagittal suture and .5 mm dorsal from 
the base of the skull. The electrode angle of entry was 9° 
from the vertical to avoid penetrating cerebellar blood 
vessels. 
Following the operation the animals were placed in a 
constant temperature (84° F) recovery chamber. Animals 
were returned to their home cages when they regained pre-
operative weight levels. 
At the conclusion of postoperative behavioral testing 
each animal was anesthetized as before; the brain was widely 
exposed, and the dura mater reflected. After all bleeding 
points dried, the animal was sacrificed by infiltrating the 
fixing agent around and under the exposed brain. Breathing 
usually ceased within 10 to 15 seconds after infiltration 
15 
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was commenced. When breathing ceased, the head was cut from 
the body and placed in a container of fixing fluid. TWenty-
four hours later the brain was freed of the skull and 
cleared of blood vessels, membranous material and other debris; 
it was placed in fresh fixative for an additional 24 hours. 
1 A modification of the fixing fluid of Bodian was used. The 
fixative consisted of 18 parts distilled water, 5 parts for-
maldehyde, 5 parts glacial acetic acid and 72 parts t-butyl 
alcohol. 
The brains were then embedded in paraffin, sectioned 
at 16 micra and every fifth section was mounted. The sections 
were silver impregnated according to a modification of the 
protargol method of Bodian. 2 
Damage was evaluated in an attempt to describe the 
lesion with sufficient detail to allow estimation of the 
extent to which the morphologically distinct pathways were 
interrupted. The following factors were considered in esti-
mating the damage to structures, cell shrinkage and degen-
eration, reduction in the number of cells, increase in the 
number of glial cells and primary damage produced by the 
current. Fiber bundles were rated, where possible, at or 
1Bodian., The staining of paraffin sections of 
nervous tissues with activated protargol. The role of 
fixatives. Anat. Rec., 1937, 69, 153-162. 
2Bodian, D., A new method for staining nerve fibers 
and nerve endings in mounted paraffin sections. Anat. Rec., 
1936, 65, 89-95. . 
near their nuclei of termination, where thinning or absence 
of fibers, fiber debris and primary damage were considered. 
Damage was rated on a four-point scale. Zero indicated less 
than 10 per cent damage; 1 indicated between 10 and 50 per 
cent damage; 2 indicated between 50 and 90 per cent damage; 
1 indicated at least 90 per cent damage. The following 
auditory structures were rated, the acoustic nerve, the 
anterior portion of the ventral cochlear nucleus, the pos-
terior portion of the ventral cochlear nucleus, the dorsal 
cochlear nucleus, the dorsal acoustic stria, the large fiber 
portion of the trapezoid body, the large fiber collaterals 
of the trapezoid body, the superior olive, the accessory 
superior olive, the nucleus of the trapezoid body and the 
ventral nucleus of the lateral lemniscus. 
17 
CHAPTER III 
RESULTS 
Experimental animals arranged in descending order 
according to their postoperative thresholds are listed in 
table 1. During the course of a behavioral session each 
animal generated a distribution of noise stimulus inten-
sities which was dependent upon the animal's responses to 
the various intensities. The modal intensity was selected 
for each session and was considered the animal's threshold 
for that session. These modes were averaged to determine a 
noise intensity threshold. Postoperative thresholds were 
determined for LF 33 and LF 98 by computing the percentage 
of responses occurring within the limited hold period, i.e. 
the number of responses occurring within the limited hold 
period was divided by the total number of stimulus presenta-
tions. The threshold was defined as that intensity to which 
the animal responded at least 50 per cent of the total 
number of stimulus presentations. Since the attenuator 
automatically presented 50 per cent of the noise discrimin-
ative stimuli below threshold, the two methods were consid-
ered comparable. The entries in table 1 are the preoperative 
and postoperative thresholds for all animals. 
Levels of responding to the light stimulus on the 
discrimination schedule are listed in table 2. All animals 
maintained a postoperative level of responding to light 
18 
TABLE 1 
POSTOPERATIVE BEHAVIORAL CHANGES AND RATINGSaOF DAMAGE TO THE AUDITORY STRUCTURES 
Animal 
LF 33 
LF 98 
LF 134 
LF 31 
LF 30 
LF 95 
LF 137 
LF 56 
LF 136 
LF 103 
Thresholdb 
Pre Post 
38 100 
24 80 
38 60 
24 58 
36 48 
37 46 
32 44 
8 38 
5 29 
5 25 
Aversivec 
Noise Light ANd AVC PVC DCN 
• 22e 3. 5o 0 0 0 0 
0 0 0 0 
LOR2 LORl LOR2 0 
.07 10.1 0 0 0 0 
.18 12.1 0 LOR2 0 0 
2.00 8.00 0 0 0 0 
0 0 0 0 
1.36 1.15 0 0 0 0 
0 0 0 0 
,67 5.58 0 0 0 1 
a Zero, less than 10% damage; 1, between 10% and 50%; 
bilateral unless indicated by L, left, or R, right, 
DAS LTB CTB STB so ASO NTB VLL 
0 1 2 1 3 3 L3R2 1 
0 2 2 LlR2 3 L3R2 L3R2 
0 2 L3R2 L2Rl L3R2 L2R3 L2R3 L3R2 
0 3 L3R2 1 L3R2 L2R3 L2R3 1 
0 L2R3 LlR3 LOR2 LlR3 2 L3R2 0 
0 LORl LOR3 LORl 2 LlR2 2 0 
0 LlR2 1 LOR2 LlRO L3RO L2RO 0 
0 1 LORl LORl L2RO L2RO L2RO 0 
0 1 L2R3 LlR2 L3R2 L3RO L3Rl LlRO 
0 0 0 0 1 L2RO 0 L?RO 
2, between 50% and 90%; 3, more than 90%. Damage 
b Thresholds are means of modes of daily distributions. Threshold, in decibels as indicated on a Scott 
sound level meter type 410-C. Pre, preoperative threshold; Post, postoperative threshold. 
c Noise, ratio of postoperative to preoperative rates of pressing the lever on the aversive noise schedule, 
Light, ratio of postoperative to preoperative rates of pressing the lever on the aversive light schedule, 
d AN, acoustic nerve; ASO, accessory superior olive; AVC, anterior division of ventral cochlear nucleus; 
CTB, collateral fibers of the trapezoid body; DAS, dorsal acoustic stria; DCN, dorsal cochlear nucleus; 
LTB, large fibers of the trapezoid body; NTB, nucleus of trapezoid body; PVC, posterior division of ventral 
cochlear nucleus; SO, superior olive; STB, small fibers of trapezoid body; VLL, ventral nucleus of the 
lateral lemniscus, 
e Twenty-one days postoperative behavior. 
..... 
\0 
Percentageb of Correct Responses to Light-Stimuli 
on the Discrimination Schedule Prior and Subsequent 
to the Operation 
Preoperative Postoperative 
Animal Sessions Sessions 
r5 -l+ -.3 -2 -1 1 2 .3 4 5 ~ 7 8 9 
LF 
.3.3 96 100 100 96 98 94 9.3 60 98 93 100 85 100 
LF 98 80 92 98 96 95 65 92 95 88 85 80 90 74 
LF 1.34 94 79 81 75 79 7.3 72 8.3 86 88 
LF .31 95 90 94 100 91 77 72 67 86 86 
LF .30 85 9.3 90 95 91 95 90 95 97 90 
LF 95 87 94 94 94 96 58 79 75 75 94 72 
LF 1.37 95 8.3 85 66 87 86 88 79 64 81 
LF 56 100 98 92 94 9.3 89 94 96 97 
LF 1.36 97 95 94 98 100 78 96 97 96 96 
LF 10.3 79 91 69 51 76 72 74 72 88 94 85 
a The entries in this table represent data collected during 
sessions from which threshold data were drawn. 
b The percentages were obtained by dividing the total 
number of light-stimulus presentations into the number 
of responses occurring within the stimulus duration. 
20 
10 
99 
discriminative stimuli comparable to the preoperative level 
of responding. Since the light discriminative stimulus was 
presented at constant intensity, percentages of correct 
responses were determined by dividing the number of light 
stimulus presentations into the number of responses 
occurring in their presence. On the basis of responding 
to the light discriminative stimulus the general operative 
effects could be eliminated as a major factor impairing the 
noise-intensity discrimination behavior of those animals 
affected by the operation. 
1 The entries of table J provide a basis for deter-
mining the effects of damage to auditory structures upon dis-
crimination-threshold behavior by providing the variability 
of thresholds due to factors other than destruction of 
acoustic structures. The horizontal line dividing the animals 
into nominal groups in table 1 was positioned by the entries 
of table J. This table presents the thresholds before and 
after operations designed to avoid bilateral section of 
ventral pathways of the bulbar auditory system. Since the 
highest postoperative threshold generated was 54db, the 
dividing line was drawn between LF Jl and LF JO, i.e. 58 
and 48 db respectively. 
A graphic view of preoperative and postoperative 
thresholds of all experimental animals arranged according 
lAbelson, R.M. and Harrison, J.M., unpublished data. 
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TABLE 3 
a Preoperative and Postoperative Intensity Thresholds 
of Animals Undergoing Unilateral and Other Control 
Operations 
Intensiti Threshold in Decibelsb 
Animal Preoperative Postoperative 
RA 35 42 54 
GF 30 30 46 
BW 38 35 43 
BW 36 30 41 
BW 37 35 34 
GF 19 11 24 
RA 56 24 19 
a Thresholds were obtained by selecting the modal 
intensity generated of the animals each day, 
Averaging the modes produced the above entries. 
b Measured by a Scott sound meter 410-C, 
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to the order of table 1 is presented in figure 1. 
It may be noted in table 1 that a correlation exists 
between the postoperative threshold of the individual 
animals and damage to the ventral auditory system. LF JJ 
sustained over 90 per cent destruction of the superior 
olivary complex and nucleus of the trapezoid body and 
generated the highest postoperative threshold. This 
animal's concurrent light discrimination responding was 
maintained at its preoperative level, 
The entries in table 1 under the aversive schedule 
headings represent ratios of preoperative and postoperative 
responding. The ratios were obtained in the following 
manner. The average number of responses per minute (press 
rate) was determined by dividing the total number of lever 
presses by the time the aversive stimulus was absent for 
each session, Press rates of the last 7 sessions prior to 
the operation were averaged, All press rates of postopera-
tive sessions were averaged, The average postoperative press 
rate was divided by the average preoperative press rate to 
arrive at a ratio, Similar procedures were followed for the 
aversive light behavior, Average rates of release are not 
presented because in all cases, when the press rate was 
greatly reduced, the release rate was greatly increased, 
Furthermore, the condition for a release response included 
a depressed lever; for animals whose press rate dropped 
considerably postoperatively there were not enough presses 
2J 
Figure 1 Preoperative and postoperative thresholds of 
all experimental animals. A, animals generating 
postoperative thresholds higher than those 
generated by control animals. B, animals 
generating postoperative thresholds lower than 
the highest generated by control animals. 
Thresholds were obtained by selecting modal 
intensity generated by animal each session. 
Hodal intensity values were averaged pre- and 
postoperatively. Preop, average preoperative 
threshold. Postop, average postoperative 
threshold. 
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for computation of a meaningful release rate. 
Low response ratios of LF Jl and LF JO for the aversive 
noise schedule correlate with extensive damage to the nucleus 
of the trapezoid body and large fibers of the trapezoid body. 
This data agrees with previous findings. 1 •2 •3 
The summary data of table 1 show the diminution of 
responding on the aversive noise schedule without the exten-
sive unilateral damage to primary structures found in pre-
vious work. 4 The lesions in the animals that lost the 
aversive noise behavior in the prior study included the 
acoustic nerve and primary nuclei of one side of the brain. 
The acoustic nerve, dorsal cochlear nucleus and 
dorsal acoustic stria are generally included as members of 
the primary pathway of the acoustic system.5, 6 ,7 The 
acoustic nerve, dorsal cochlear nucleus and dorsal acoustic 
stria were intact and unable to support the aversive noise 
1960, 
1Harrison, J.M., 1960, QJ21 cit. 
2Harrison, J.M., Abelson, R.M. and 
OJ2a cit. 
)Abelson, R.M. and Harrison, J. M.' 
4Abelson, R.J1. and Harrison, J.M., 
5Cajal, R., 1952, 0]2 1 cit. 
6Lorente de No, R., l9JJ, OJ2. cit. 
Fisher, G.L., 
in press, 0!2. cit. 
in press, Ibid. 
7Kappers, c.u., Huber, G.C. and Crosby, E.C., ~ 
comparative anatomy of the nervous system of vertebrates, 
including man. Vol. 1, New York: the Jl'lacmillan Co., 19)6. 
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behavior of animals LF 33, LF 31 and LF 30. LF 33, LF 98 
and LF 134 were retrained to respond to noise discriminative 
stimuli on the discrimination schedule. The limited hold 
and disengagement of the program timers were removed as 
contingencies until the animals began to respond; these 
contingencies were returned for measurement of thresholds. 
Ultimately these animals did generate a large enough number 
of responsrefrom which threshold information could be with-
drawn. The acoustic nerve, dorsal cochlear nucleus and 
dorsal acoustic stria were substantially intact in these 
animals also. This finding is in agreement with previous 
work. 1 •2•3 
While in some animals electrode penetration of the 
cerebellum produced motor symptoms, these symptoms were 
transient and not incapacitating. The extent of an animal's 
ability to perform responses instrumented in this study was 
indicated by postoperative behavior on the light schedules. 
lHarrison, J.M., 1960, Op. cit. 
2Harrison, J.H., Abelson, R.M. and Fisher, G.L., 
1960, Op. cit. 
3Abelson, R.M. and Harrison, J.M., in press, Op. cit. 
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CHAPTER IV 
DISCUSSION 
Extensive damage, i.e. lesion ratings of 3:2 or 
greater, of the accessory superior olive, the superior 
olive and the nucleus of the trapezoid body are associated 
with a substantial increase in postoperative noise-intensity 
thresholds of LF 33 and LF 98. LF 30 sustained extensive 
damage to the nucleus of the trapezoid body without accom-
panying extensive damage to the accessory superior olive or 
the superior olive and did not generate the high postopera-
tive thresholds of LF 33 and LF 98. 
It cannot be the extensive damage to the superior 
olive alone that is responsible for the thresholds of those 
animals above the control line in table 1 since LF 136 sus-
tained extensive damage to this structure and ranks ninth in 
diminishing order of postoperative thresholds. 
The collaterals of the large fibers of the trapezoid 
body sustained extensive damage in two animals above the 
control line (LF 134 and LF 31) and one animal (LF 30) below 
the control line. The combination of extensive damage to 
the collaterals of the large fibers of the trapezoid body 
and the superior olive also places animals above (LF 134 and 
LF 31) and below (LF 136) the control line. 
LF 134 sustained partial (though not extensive) damage 
to the primary nuclei on one side and generated a threshold 
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very close to that of LF }1, an animal without damage to the 
primary nuclei. LF 1}4, sustained extensive damage to the 
ventral nucleus of the lateral lemniscus which makes it 
difficult to evaluate the relation between destruction of 
the individual pathways and the noise-based behaviors instru-
mented here. 
A direct comparison between LF }0 and LF }1 provides 
interesting material. Both animals sustained extensive 
damage to the large fiber portion of the trapezoid body and 
the nucleus of the trapezoid body. Both animals yielded 
decrements in responding to the aversive noise while increas-
ing their rates of responding to escape aversive light post-
operatively. LF }1 generated a postoperative threshold above 
those of controls while LF }0 generated a postoperative 
threshold falling below that of the highest control animal 
of table }. LF }1 sustained extensive damage to the colla-
terals of the large fibers of the trapezoid body, the 
superior olive and the accessory superior olive. Destruction 
of combinations of these structures, then, may be responsible 
for the difference in postoperative thresholds. 
The foregoing suggests an orderly relation between 
lesions in different auditory structures and differential 
behavioral effects. Furthermore, it suggests the possibility 
that damage distributed among various auditory structures in 
different animals may interrupt the same auditory pathways 
resulting in comparable behavioral changes. 
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According to the pathway analysis presented in the 
introduction it is possible to organize the ratings of damage 
to individual auditory structures into a consistent picture. 
Nany lesions were not bilaterally symmetrical and lesions 
were rated according to pathways. A working assumption was 
that destruction of one structure in a pathway was equivalent 
to destruction of any other in that pathway. On this basis 
relatively complete bilateral destruction of various path-
ways was found in some animals. The pathways were rated 
according to the structure sustaining the greatest damage 
within that particular pathway. The lesion of each experi-
mental animal was analyzed in terms of the pathways presented 
in the introduction with one exception. The small fiber 
pathway was rated only on the basis of destruction of the 
small fibers ipsilateral to the accessory superior olive. 
The contralateral fibers are sparser and too diffuse for 
meaningful rating. The ipsilateral small fibers of the 
trapezoid body present themselves clearly just lateral to 
the superior olive. The conclusions drawn in this thesis 
must be considered in light of the absence of a more refined 
lesion evaluation of the contralateral connections of the 
accessory superior olive. Also, the percentage-of-destruction 
rating method does not consider the distribution and loca-
tion of the lesion within a structure. Partial damage to 
a structure is difficult to interpret. Bilateral ratings 
of "3" are most valuable in considering the pathway analysis. 
JO 
Ratings of destruction to pathways are presented in table 4. 
Extensive destruction of the large fiber pathway pro-
duced a large decrement in responding on the aversive noise 
schedule, Responding on the aversive light schedule improved 
postoperatively (LF JJ and LF Jl). However, extensive 
damage to the large fiber pathway without concurrent exten-
sive damage to the superior olivary pathway and small fiber 
pathway also produced a substantial decrement in responding 
on the aversive noise schedule (LF JO), Responding on the 
aversive light schedule by this animal improved postopera-
tively. A schematic drawing of the lesion of LF JO is pre-
sented in figure 2. The components of the large fiber path-
way have undergone extensive damage. Damage to the large 
fibers of the trapezoid body as they pass through the 
pyramids is shown in 2B and c. Both primary and secondary 
damage (cell shrinkage) to the nucleus of the trapezoid body 
are illustrated in 2B, C and D. 
The postoperative decrement in responding by LF JO 
on the aversive noise schedule is illustrated by a sample 
of the animal's behavior in figure J, The last and next-to-
last (27th and 28th) days on schedule prior to the operation 
are shown in JA and B. Figures JC, D, E, F and G show the 
1st, 8th, 11th, 20th and 28th day, respectively, subsequent 
to the operation. Figure JA is most typical of preoperative 
behavior. Figure JC, the first postoperative session, is 
characterized by an apparent decline in both the number of 
Jl 
TABLE 4 
Postoperative Behavioral Changes and Ratings 
of Damage to Auditory Pathways 
Thresholda Aversiveo 
Animal Preop Postop Noise Light LFPc SOP ASP 
LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 
a 
b 
c 
d 
e 
33 38 100 .22d ].50 LJR2e 3 3 
98 24 80 - - L2RJ 3 LJR2 
134 38 60 - - LJR2 LJR2 L2RJ 
Jl 24 58 .07 10.12 3 LJR2 L2RJ 
JO 36 48 .18 12.10 3 LlRJ 2 
95 37 46 2,00 8.00 2 L2RJ LlR2 
137 J2 44 - - LlR2 1 LJRl 
56 8 J8 1.)6 1.15 L2Rl L2Rl LlR2 
1)6 5 29 - - LlRJ J LJRl 
lOJ 5 25 • 67 5.58 0 1 L2RO 
Threshold, in decibels as indicated on a Scott sound 
meter type 410-C, Preop, preoperative threshold; 
Postop, postoperative threshold. Thresholds are means 
of modes of daily distributions. 
Aversive noise, ratio of postoperative to preoperative 
rates of pressing the lever on the aversive noise 
schedule; Aversive light, ratio of postoperative to 
preoperative rates of pressing the lever on the aversive 
light schedule. 
LFP, large-fiber pathway of the trapezoid body; SOP, 
superior olivary pathway; ASP, ipsilateral connections 
to the accessory superior olive. 
Twenty-one days postoperative behavior. 
See text for explanation of lesion ratings. 
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Figure 2 Schematic drawing of the lesion of animal LF JO. 
Solid black areas indicate primary destruction. 
Stippling indicates degeneration of tracts and 
cells. A is most posterior section and F, most 
anterior section. This animal yielded a response 
decrement to the aversive-noise stimulus. The 
postoperative intensity threshold of this animal 
fell within the limits of control animals. 
AN, acoustic nerve; ASO, accessory superior olive; 
AVC, anterior division of the ventral cochlear 
nucleus; CTB, collaterals of large fibers of the 
trapezoid body; DCN, dorsal cochlear nucleus; 
F, nucleus of the facial nerve; FN, facial nerve; 
GFN, genu of facial nerve; NTB, nucleus of the 
trapezoid body; P, pyramidal tract; PVC, posterior 
division of the ventral cochlear nucleus; RB, 
restiform body; SO, superior olive; ST, spinal 
tract of the trigeminal nerve; STB, small fibers 
of the trapezoid body. 
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Figure J Animal LF JO, Behavior generated by the aversive-
noise schedule. Cumulative records: A, 27th 
hour (next-to-last session prior to operation); 
B, 28th hour (last session prior to operation); 
C, D, E, F and G, 1st, 8th, 11th, 20th and 28th 
(last) postoperative hours on schedule. Upward 
displacement of line indicates lever depression 
(noise off). 
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0 ci w 
termination responses and time in silence (line displaced 
upwards). Figures 3D, F and G are representative of most 
postoperative responding. 
Extensive destruction of all pathways of the ventral 
acoustic system of LF 33, LF 98, LF 134 and LF 31 should be 
considered with their postoperative thresholds. These 
animals all generated postoperative thresholds above the 
controls of table 3. LF 31 may be examined as a case in 
point. 
A schematic drawing of the lesion of LF 31 is presented 
in figure 4. Extensive destruction of the large fibers of 
the trapezoid body is shown in 4B, C and D. Only the most 
anterior portions of the nuclei of the trapezoid body remain 
intact in 4D and E. Note the extensive damage to the entire 
superior olivary complex. This animal's preoperative and 
postoperative thresholds are displayed graphically in figure 
5. LF 31 also showed a substantial decrement in escape 
responding on the aversive noise schedule. This finding 
supports previous work.1,2,3 
Extensive destruction of the superior olivary pathway 
(~, 136) or the large fiber pathway (LF 30) did not raise 
lHarrison, J.M., 1960, Op. cit. 
2Harrison, J .I1., Abelson, R.N. and Fisher, G.L., 
1960, Op. cit. 
3Abelson, R.M. and Harrison, J.M., in press, OP. cit. 
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Figure 4 Schematic drawing of the lesion of animal LF Jl. 
Solid black areas indicate primary destruction. 
Stippling indicates degeneration of tracts and 
nuclei. A, is most posterior section and E, most 
anterior section. This animal yielded a response 
decrement to the aversive noise stimulus. The 
postoperative auditory threshold exceeded the 
limits of control animals. AN, acoustic nerve; 
ASO, accessory superior olive: AVC, anterior 
division of the ventral cochlear nucleus; DAS, 
dorsal acoustic stria; DCN, dorsal cochlear 
nucleus; F, nucleus of the facial nerve; GFN, 
genu of the facial nerve; LL, lateral lemniscus; 
LTB, large fibers of the trapezoid body; NTB, 
nucleus of the trapezoid body; P, pyramidal tract; 
PVC, posterior division of the ventral cochlear 
nucleus; so, superior olive; ST, spinal tract of 
the trigeminal nerve; STB, small fibers of the 
trapezoid body, VLL, ventral nucleus of the lateral 
lemniscus. 
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Figure 5 Preoperative and postoperative thresholds of 
LF Jl, This animal sustained extensive damage 
to the ventral acoustic system of the medulla, 
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the threshold postoperatively above those of the control 
animals listed in table 3. A schematic drawing of the 
lesion in LF 136 is presented in figure 6. Figures 6C and 
D show the intact portions of the superior olive; the col-
laterals of the large fibers of the trapezoid body were 
included within the boundaries of the primary lesion, The 
preoperative and postoperative thresholds of LF 136 are 
shown graphically in figure 7, 
Animals LF 33 and LF 31 were trained on aversive and 
discrimination-threshold behaviors, LF 98 was trained on 
the discrimination-threshold behavior. While these 3 
animals yielded a decrement in responding on the aversive 
noise schedule and postoperative thresholds above those of 
controls, their light control behaviors were equal-to or 
superior-to preoperative levels of responding, The acoustic 
nerve, dorsal cochlear nucleus, dorsal acoustic stria and 
ventral nucleus of the lateral lemniscus were intact bi-
laterally in LF 33, LF 31 and LF 98. It is apparent, then, 
that the noise-based behaviors could not be maintained at 
preoperative levels by these dorsal structures, 
Regarding the dorsal structures and their connections 
Stotler1 has shown that afferent fibers to the ventral 
nucleus of the lateral lemniscus of the cat are derived 
from the contralateral dorsal acoustic stria. Kappers et 
lstotler, W,A,, 1953, Op. cit, 
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Figure 6 Schematic drawing of the lesion of animal LF 136. 
Solid black areas indicate primary destruction. 
Stippling indicates degeneration of tracts and 
nuclei. A, is most posterior and D, most anterior 
section. This animal generated a postoperative 
threshold within control limits. The superior 
olivary pathway was damaged extensively. AN, 
acoustic nerve; ASO, accessory superior olive; 
AVC, anterior division of the ventral cochlear 
nucleus; BC, brachium conjunct1vum; DAS, dorsal 
acoustic stria; DCN, dorsal cochlear nucleus; 
F, nucleus of the facial nerve; GFN, genu of the 
facial nerve; LL, lateral lemniscus; LTB, large 
fibers of the trapezoid body; MCP, middle cere-
bellar peduncle; NTB, nucleus of the trapezoid 
body; P, pyramidal tract; PVC, posterior division 
of the ventral cochlear nucleus; SO, superior 
olive; ST, spinal tract of the trigeminal nerve; 
STB, small fibers of the trapezoid body, 
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Figure 7 Preoperative and postoperative thresholds of 
LF 136. This animal sustained extensive damage 
to the superior olivary pathway. 
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LF 136 
2 3 4 5 
1 
al have stated that fibers from the dorsal cochlear nucleus 
unite with bundles from the ventral cochlear nuclei to form 
the lateral lemniscus, 2 Harrison and Warr have shown a 
bundle of large fibers passing from the middle region of the 
dorsal cochlear nucleus, over the restiform body, behind 
the lateral vestibular nucleus and on towards the genu of 
the facial nerve beyond which it could not be followed, 
Neither origin nor termination of these fibers were deter-
mined in their material, Rasmussen) has stated that fibers 
of the dorsal acoustic stria enter and terminate in the 
dorsal cochlear nucleus as efferents of higher structures, 
4 He continues, in agreement with Stotler , that the dorsal 
cochlear nucleus does not 
Poljack5 , Lorente de No6 , 
receive 
Kappers 
primary acoustic fibers. 
7 8 
et al and Cajal have 
indicated that the descending root of the acoustic nerve 
lKappers, C,U, Huber, G,C. and Crosby, E,C., 19)6, 
Op. cit, 
2 Harrison, J.M, and Warr, W,B., unpublished manuscript, 
Op. cit. 
)Rasmussen, G.L,, 1946, Op, cit. 
4stotler, W,A,, 195J, Op. cit. 
5Poljack, S,, 1926, Op. cit, 
6Lorente de No, R., l9JJ, Op. cit, 
7Kappers, c.u., Huber, G,C, and Crosby, E,C,, 19)6, 
Op, cit, 
8eajal, R,, 1952, Op. cit. 
send afferent fibers to the dorsal cochlear nucleus. The 
picture remains unclear. However, if there is a pathway 
connecting the dorsal cochlear nucleus and the ventral 
nucleus of the lateral lemniscus, this pathway was intact 
in LF JJ, LF Jl and LF 98 and was unable to maintain at 
preoperative levels, noise-based behaviors instrumented 
in this study. 
Overall, it should be noted, the current pathway 
analysis receives substantial support. Similar behavioral 
changes have occurred when lesions have been placed differ-
entially within the limits of each pathway. 1 •2•3 Destruc-
tion interrupting the large fiber pathways of animals in 
this study produced behavior comparable to that of animals 
with lesions that included primary structures.4 
~arrison, J.M., 1960, 0}2. cit. 
2Harrison, J .M.' Abelson, R .l'i. and Fisher, G.L., 
1960, OI!, cit. 
)Abelson, <1.11. and Harrison, J.N., in press, O:Q• cit. 
4 Abelson, R. ill, and Harrison, J .N.' in press, Ibid, 
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CHAPTER V 
SUI'li'IARY AND CONCLUSIONS 
These experiments were conducted to investigate the 
behavioral effects of differential destruction of the 
trapezoid body and superior olivary complex. 
Previous work has shown that destruction of the 
large-fiber component of the trapezoid body abolished a con-
ditioned response maintained by escape from an aversive 
noise (120 db) while having little effect upon an auditory 
discrimination. Continuing work has shown that destruction 
of the large-fiber component of the trapezoid body (or its 
nuclei of termination) diminished responding to escape 
aversive noise without altering the auditory threshold sig-
nificantly. Destruction of the superior olive (or its 
afferent fibers) alone or in combination with destruction 
of the large fibers of the trapezoid body produced no sig-
nificant effect upon the auditory threshold. 
In this thesis animals were trained on three 
schedules of reinforcement, a noise aversive schedule, a 
light aversive schedule and a noise-and-light discrimination 
schedule. On the aversive schedules a lever-press response 
terminated the aversive stimulus and a lever-release 
response reintroduced the aversive stimulus. On the dis-
crimination schedule a lever response in the presence of 
either light or noise stimuli produced food. Noise-intensity 
thresholds were obtained from behavior on this schedule. 
Following training the animals received electrolytic lesions 
in the ventral auditory system of the medulla. Postopera-
tively the animals were run on the behavioral schedules and 
a second set of thresholds was obtained. The animals were 
sacrificed and histologies were performed on the bulbar 
tissue. 
The findings supported previous work and added new 
information consistent with implications of previous work. 
Destruction of all ventral acoustic pathways substantially 
reduced responding to escape aversive noise and raised 
discrimination-thresholds to supra control values. Destruc-
tion of the large-fiber pathway of the trapezoid body 
reduced responding to escape aversive noise without raising 
the postoperative threshold above control values. Extensive 
damage to the accessory superior olive, the superior olive 
and nucleus of the trapezoid body was associated with a sub-
stantial increase in the postoperative noise-intensity 
threshold. ~estruction of the superior olive alone did not 
raise the postoperative threshold above control values. 
Destruction of the superior olivary pathway alone did not 
account for supra control postoperative thresholds. Intact 
dorsal acoustic structures (acoustic nerve, dorsal cochlear 
nucleus and dorsal acoustic stria) were not able to maintain 
50 
preoperative levels of responding to escape the aversive 
noise nor maintain postoperative thresholds within control 
noise-intensity levels. 
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SOME RELATIONS BET'ti'EEN THE AUDITORY SYSTEJvl OF THE 
MEDULLA AND NOISE-INTENSITY STHIULUS FUNCTIONS 
This study was undertaken to determine the behavioral 
significance of certain anatomical structures. Lesions were 
produced in various auditory pathways of animals previously 
trained to respond to auditory and non-auditory stimuli. 
Postoperative behavior was compared to preoperative behavior 
and correlated with neuroanatomical data. 
On the basis of histological evidence ventral 
acoustic structures were divided into 3 major pathways. 
The large fiber pathway originated in the posterior division 
of the ventral cochlear nucleus, coursed as the large fiber 
component of the trapezoid body and terminated in the con-
tralateral nucleus of the trapezoid body. The superior 
olivary pathway arose as collaterals of the large fibers 
of the trapezoid body coursing dorsally to enter the superior 
olive. The small fiber pathway arose in the anterior 
division of the ventral cochlear nucleus, coursed as the 
small fiber component of the trapezoid body, passed through 
the superior olive and entered the accessory superior olive 
of the same side. A portion of the small fibers of the 
trapezoid body appeared to pass under the superior olive 
and have been shown to enter the contralateral accessory 
superior olive. 
Fifteen male albino rats were used in this experiment. 
In order to study the noise intensity functions of the 
bulbar acoustic system, the following behavioral schedules 
were implemented. 
Discrimination-threshold schedule. A conditioned re-
sponse in the presence of a noise or light discriminative 
stimulus was reinforced with rood. Responding or not respond-
ing in the presence of the noise stimulus varied the intensity 
of subsequent presentations of the noise. Thresholds were 
drawn from frequency distributions of the intensities of 
noise discriminative stimuli pre- and postoperatively. 
Aversive schedules. A conditioned response (lever 
depression) terminated an aversive noise stimulus. Release 
of the lever produced onset of the aversive noise. Rates of 
pressing and releasing were determined pre- and postoperatively. 
Animals were trained to respond to aversive light in a similar 
manner for control purposes. 
Preoperatively animals were trained to criterion be-
havior on the aversive and discrimination schedules. Lesions 
were placed electrolytically in the lower auditory system. 
Following recovery animals were rerun on the schedules to 
criterion or for a maximum of 28 days. Brains were removed 
from the animals, mounted and stained for histological pur-
poses. Extent of lesions to acoustic structures were recorded. 
Behavioral and histological data were correlated. The data 
were considered in terms of damage to individual structures 
and according to the pathway analysis presented earlier. 
Destruction of all ventral pathways substantially 
reduced responding to escape aversive noise and raised 
discrimination thresholds to supra control values. Destruc-
tion of the large fiber pathway reduced responding to escape 
aversive noise without raising postoperative thresholds 
above control values. Extensive damage to the accessory 
superior olive, the superior olive and nucleus of the 
trapezoid body was associated with a substantial increase in 
the postoperative noise intensity threshold. Destruction of 
the superior olive alone did not raise the postoperative 
threshold above control values. Destruction of the superior 
olivary pathway alone did not account for supra control post-
operative thresholds. Intact dorsal acoustic structures 
(acoustic nerve, dorsal cochlear nucleus and dorsal acoustic 
stria) were not able to maintain preoperative levels of re-
sponding to escape the aversive noise nor maintain postopera-
tive thresholds within control noise-intensity levels. 
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